CONVERSION FACTORS AND ABBREVIATED WATER-QUALITY UNITS

INTRODUCTION
In 1989 the U.S. Geological Survey (USGS) Toxic Substances Hydrology Program conducted a reconnaissance of about 150 streams in 10 Midwestern States to determine the geographic and seasonal distribution of herbicides. These streams were sampled three times: (1) before application, (2) during the first major runoff event after application, and (3) during low flow in the fall. Results from the study showed that large amounts of atrazine, cyanazine, alachlor, and metolachlor were flushed into streams during the first post-application runoff event others, 1991, 1992; . Both atrazine and cyanazine temporarily exceeded health-based limits in about one-half of the streams. The atrazine maximum contaminant level (MCL) is 3 J..Lg/L (micrograms per liter); the cyanazine health advisory (HA) is 1 J..Lg/L. In addition, alachlor temporarily exceeded the alachlor MCL of 2 J.Lg/L in about 35 percent of the streams. Although the concentrations of some herbicides exceeded MCLs in some of the post-application samples, this does not necessarily constitute a violation of the Safe Drinking Water Act (SDWA). A violation occurs only if the average annual concentration exceeds the MCL or if the herbicide concentration in a single sample is more than four times the MCL. Thus, samples with atrazine concentrations exceeding 12 J.Lg/L or alachlor concentrations exceeding 8 J.Lg/L may represent violations of the SDWA if the water is used for public supply. About 25 percent of the samples collected during the post-application period had atrazine concentrations larger than four times the MCL and about 15 percent had alachlor concentrations larger than four times the MCL ( fig. 1 ). Cyanazine has a nonenforceable HA of 1 J.Lg/L; the cyanazine concentration in about 25 percent of the post -application samples exceeded four times the HA ( fig. 1 ). The maximum concentration of several herbicides exceeded 50 J..Lg/L ( fig. 1 ). Herbicide concentrations were much lower (generally less than 1 J.Lg/L) during the preapplication and fall low-flow sampling periods; however, more than one-half the streams had detectable concentrations in all three sampling periods.
The 1989 reconnaissance documented for the first time the seasonal and geographic distribution of herbicides in streams at a regional scale. Because of the high post-application concentrations measured, and because of an increased level of concern caused by the results, a follow-up study was conducted in 1990 to verify the 1989 results. In the verification study 50 sites were selected for resampling. Selection of the sites was accomplished by ranking all samples from the 1989 post-application sampling round from highest to lowest according to the total herbicide concentration. This concentration is defined as the sum of the concentrations of all herbicides measured in each sample. These sites were then divided into three equal groups. From the group containing the highest concentrations,25 sites were randomly selected. Similarly, 13 sites were randomly selected from the middle group, and 12 sites were randomly selected from the low concentration group. These sites were resampled before application and during the first runoff event after application in 1990 using the same protocols developed for the 1989 study. Results from the 1990 study confirmed the 1989 results. The statistical distributions of the concentrations of the major herbicides detected in these 50 streams were essentially the same during the pre-and post-application periods of both years (Goolsby and others 1991; also see figure 2). These results and those of other studies (Baker and Richards, 1989; Frank and others 1982; Leonard, 1988; Snow and Spalding, 1988; and Wauchope, 1978) further indicated that the "flush" of herbicides following application is an annual occurrence. Additional studies by the USGS in 1990 and 1991 using automatic samplers (Thurman and others 1992; show that the herbicide "flush" lasts for several weeks to several months following application. By late summer, herbicide concentrations generally decrease to low concentrations (less than 0.5 J.Lg/L) and remain low until the process is repeated the following year.
Changes in Herbicide Use
Since the 1989-90 regional-scale studies were conducted, two reductions have occurred in the maximum application rate of atrazine recommended by the manufacturers' label In 1990, because of concern about ground-water contamination, the manufacturers of atrazine voluntarily reduced the maximum recommended application rate for atrazine to 3 pounds a.i. (active ingredient) per acre per year for com and sorghum (U.S. Environmental Protection Agency (EPA), written commun., Jan. 23, 1990 ). Prior to this, the recommended maximum application rate was 4 pounds a.i. per acre per year. The 1990 label change also restricted noncropland uses of atrazine to 10 pounds a.i. per year. This label change applied to all products released for shipment after September 1, 1990.
In 1992, due in part to concern about surface-water contamination, the manufacturers of atrazine further voluntarily reduced the maximum recommended application rate of atrazine to a range of 1.6 to 2.5 pounds a.i. per acre per year depending on soil organic residue and erosion potential. The maximum amount recommended per application is 2 pounds a.i. per acre. Up to 0.5 pound a.i. per acre per year can be applied in subsequent applications (EPA, written commun., March 8, 1993) . The total of all applications cannot exceed 2.5 pounds a.i. per acre per year. . A maximum of 1.6 pounds a.i. per acre per year is recommended on soil with less than 30 percent plant residue remaining on the surface. Most non-cropland uses of atrazine are no longer recommended under the label. This label · ·change was effective with all products shipped for use after August 1, 1992.
As a result of these two voluntary label changes, the maximum application rate for atrazine on com and sorghum has essentially been reduced by 50 percent since the 1989-90 studies were conducted. However, no information is available to determine if atrazine was always applied at the maximum recommended rate. There is reason to believe, however, that there has been a substantial reduction in the per acre application rate of atrazine since the 1989-90 regional studies of atrazine in streams. Further, assuming there has been no substantial increase in the acres planted in com and sorghum in the 1989-94 time period, there should have been a substantial overall reduction in the use of atrazine. This could be reflected in an overall reduction in atrazine concentrations in Midwestern streams. The 50 sites sampled in 1989 and 1990 provide a good data set from which to determine if there has been a measurable decrease in atrazine concentrations.
Conversely, the use of other herbicides, such as cyanazine has increased since 1989. According to data from the U.S. Department of Agriculture (USDA), the estimated use of cyanazine on com and sorghum increased from 20.7 million pounds a.i. per year in 1989 to 26.7 million pounds a.i. per year in 1992 (Gianessi, 1992; USDA, 1990 USDA, ,1991 USDA, , 1992 , an increase of more than 25 percent. Data from these sources also indicate that the use of metolachlor has increased since 1989. The 1989-90 data set would also provide a baseline from which to determine if the concentrations of these herbicides in Midwestern streams have changed.
Nitrate in Area Affected by 1993 Flood
The Mississippi-Missouri River flood of 1993 occurred throughout the western one-half of the area encompassed by the 1989-90 herbicide studies. It is unlikely that the 1993 flood will have any affect on concentrations of herbicides in the flood-affected streams in 1994, because herbicides are transported to streams primarily by overland runoff during a 1 to 2 month period following application rather than by ground-water baseflow. However, the 1993 flood may have an effect on nitrate concentrations in some Midwestern streams in 1994. In a study of the Raccoon River in Iowa, Lucey and Goolsby (1993) showed that during years of below-normal precipitation there appeared to be an accumulation of nitrate in the soil and unsaturated zone, and during subsequent years of above-normal precipitation some of this stored nitrate was leached into streams. This resulted in low nitrate concentrations in the Raccoon River during dry years and high concentrations during wet years. Similar observations have been made in other studies of nitrate in Midwestern streams and the Mississippi River Goolsby and others, 1993) . In most of the streams studied, nitrate concentrations increased as streamflow increased during winter and spring. Also, the highest nitrate concentrations in the Mississippi River during 1991-93 were measured during periods when streamflow was high. These results suggest that stream basins affected by abnormally high rainfall in 1993 could have higher concentrations of nitrate in 1994 than in 1989-90 if soil moisture content remains high and streamflow is above-normal. If streamflows in the spring and summer of 1994 are similar to or lower than in 1989-90, nitrate concentrations could be similar to those measured during the 1989-90 studies. A comparison of nitrate data collected in 1994 with data from these same streams in 1989-90 would provide a basis for determining if this is indeed true. The 1993 flood probably flushed a considerable amount of nitrate out of the soil, unsaturated zone, and ground water, but because of the high annual use of nitrogen fertilizer in the Midwest (more than 6 million metric tons per year; Battaglin and others, 1993) , a large reservoir of nitrate probably remains in the hydrologic system.
PLAN OF STUDY
The following material is a plan for a study to determine if changes in herbicide usage since 1990 have resulted in changes in herbicide concentrations in Midwestern streams. The proposed study also provides a plan to determine if the abnormally high rainfall and flooding in 1993 had an effect on nitrate concentrations in 1994 in the streams that flooded in 1993. In addition, the proposed study will provide an opportunity to further examine the distribution of the alachlor soil metabolite ESA (alachlor ethane sulfonic acid) and the cyanazine metabolites deethylcyanazine and cyanazine amide. ESA is one of the most abundant herbicide compounds found in Midwestern reservoirs and shows relatively little seasonal variation (Goolsby, Battaglin, Fallon, and others, 1993) . These results suggest that ESA is very persistent and is transported in a manner more similar to nitrate than to the other herbicide compounds being studied. Analyses for deethylcyanazine and cyanazine amide in sample extracts from the 1989-90 studies indicate that the abundance and distribution of these compounds is similar to cyanazine (Mike Meye~ USGS, Lawrence, Kansas, unpublished data, 1994).
Objectives and Hypotheses
The principal objective of the proposed study is to determine if changes in the application rate recommended by the manufacturers of atrazine have resulted in an overall reduction in atrazine concentrations in Midwestern streams since 1990. Secondary objectives are to: (1) determine if overall changes since 1990 in the concentrations of cyanazine, metolachlor, and nitrate can be detected in these streams, (2) determine the seasonal and geographic distribution of the alachlor soil metabolite ESA, and (3) compare the seasonal and geographic distribution of the cyanazine metabolites cyanazine amide and deethylcyanazine with 1990 results. Specific hypotheses to be tested are:
1. The overall concentrations of atrazine and desethylatrazine in Midwestern streams during runoff following application will be lower in 1994 than in 1989 and 1990.
2. The concentrations of cyanazine, cyanazine amide, and deethylcyanazine during runoff following application will be higher in 1994 than in 1990.
3. ESA will be detected at a frequency and in concentrations similar to that of atrazine.
4. ESA will show much less seasonal variation (pre-application compared to post-application) in concentrations than the other herbicides and metabolites studied.
5 Nitrate concentrations in the stream basins affected by the 1993 flood will be higher in 1994 than in 1989 and 1990.
Sampling Sites
Fifty three (53) stream sites will be sampled in this study. Of these, 50 will be the same sites sampled for the 1990 study. These sites were selected from the 1989 reconnaissance as described earlier in this workplan. Three additional sites to be sampled are those where automatic samplers were operated in 1990 to determine the temporal distribution of herbicides in several Midwestern streams. The location of the sites to be sampled and their drainage basins are shown in figure 3 . Sampling sites, drainage areas, 1990 sampling dates, and 1990 streamflows are given in table 1. 
Sampling Schedule
The first sample (pre-application) will be collected at each site prior to the application of herbicides in March or early April. To the extent possible, this sample will be collected when some overland runoff is occurring to help determine the extent to which herbicides are carried over from previous application periods.
A second (post-application) sample will be collected at each site after herbicides have been applied and following the first precipitation event that produces overland flow. Collection of this sample will require a special visit to the site. To the extent possible, this sample will be collected near the discharge recorded when the 1990 sample was collected. Attempts were made in 1990 to collect the sample near the peak discharge for the event. Results and hydrographs from the 1989 sampling and studies using autosamplers in 1990 show that this is when the largest concentrations occur.
Sampling Procedures
Samples will be collected with a depth integrating sampler from three or more verticals. Sufficient volume of water will be collected in glass, Teflon, or stainless-steel sampling bottles (for example, sediment bottles) to make field measurements of pH and specific conductance (unless these are measured in situ). Samples from the three or more verticals will be composited in a 1-liter or larger glass, Teflon, or stainless-steel container. All sampling equipment will be cleaned with non-phosphate detergent, rinsed thoroughly with tap water, then distilled/ deionized water, followed by a final rinse with a 50-percent solution of methanol and organic-fr" ee water. Samples will be filtered through glass fiber filters for herbicide analysis, and through membrane filters for nitrogen and phosphorus analysis.
Four 125-ml glass bottles from each site will be sent to the USGS laboratory in Lawrence, Kansas, for the analysis of herbicide compounds, and a 125 ml polyethylene bottle will be sent to the USGS National Water Quality Laboratory in Denver for analysis of dissolved nitrogen and phosphorus compounds. Field measurements for specific conductance, pH, and temperature will be taken for all samples and a discharge will be obtained by direct measurement, from a rating curve, or estimated from a nearby gaging station.
Analytical Procedures
All samples will be analyzed for 11 herbicides and 2 atrazine metabolites (table 2) by gas chromatography I mass spectrometry according to procedures described by Thurman and others (1990) and Meyer and others (1993) . ESA will be analyzed by the method of Aga and others (1994) and cyanazine metabolites will be analyzed by a method developed by M.T. Meyer (unpublished) . Nitrogen and phosphorus compounds (table 2) will be analyzed by the method described by Fishman and Friedman (1989) . 
